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NUCLEOnPE EXTENSION ON 

AMICROARRAYOF 
GEL-IMMOBILIZED PRIMERS 

5 

INVENTORS: SVETLANA DUBILEY, EUGENE KIRILLOy, 
AND ANDREI MIRZABEKOV 



This woik was siqn>oited in part by contract 9433524-3 with the Argonne 
10 National Laboratoiy (USA), by the Defense Advanced Research Project Agency under 
inten^enc^ agreemoit AO-E428» by the Rjussi^ Human Genome Program under grant 
123/97, and by the Russian Foundation for Fundamental Research under grant 96-04- 
49858. 

15 BACKGROUND OF THE INVENTION 

Methods and compositions are presented to detect and analyze molecules by 
nucleotide ejctension using various types of gel immobilized prima:s on a microchip. 

Increasing amounts of graetic sequmcing data have revealed a large number of 
nucleotide polymorphic sites and mutations in die human g^iome and in the genomes of 

20 other organisms. Polymoiphic (variable) sites and mutations (changes) refo to a diange 
in the identity of at least one nitrogoi base in a nucleotide sequence as conqKued to some 
standard sequencew Analydsofpolymorphism data has a wide qiplication for detection 
of genetic diseases and genetic variations fcnr population studies, fer mapping of genes, 
in fiireodc studies, and for idoitification of pathogenic nuotK^^ There is an 

25 urgent need for fiist, ine;q>ensive, and reliable methods to perform sudi analyses on a 
large scale. 

A frequent s^ficationofsequencing is detection of single base dban^ Tbace 
are numerous q>proaches to identifying singlMmcleotide mutations in a nucldc acid 
sequence, e^., single nucleotide polymorphisms (SNPs) in DNA. Methods such as 
30 iestrictionfragmentlengthpolymorphism(RFLP) analyses, and single-strand rdotible- 
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stiandconfonnationalpolymoiphism analysis, are M nal methods used to detect 
such potymoiphisms. 

Two other methods to detect single base differences between nucleotide 
sequoices are allele-q>ecific hybridization of DNA molecules using microchips 

5 containing oligonucleotides, and single-base tension of a primer hybridized to a DNA 
molecule to be sequenced. More tiian single base difforcKes can also be detected, fi^ 
example, simultaneous screening for a large number of polymorphic sites, fbat is, 
dianges at several positions in a nucleotide sequence or many changes at one position 
was performed by parallel hyfaidization of a DNA sample wifli many oligomicleotides 

10 immobilized on a micn>cfa9, where each oligonucleotide has a difiEerait capability to 
l^faridize to certain seqomces. However, &e accuracy ofOds type ofassay needs to be 
enhanced because often a large nionber of controls are needed to minimize error, and 
signals are often too weak to provide discrimination between matched and mismatched 
sequences. 

15 In the single base extCTsion method of primor exten^n, a primer is hybridized 

to DNA and ibm extended with DNA polymerase by one nucleotide with an qypropriate 
dideoxyribonucleoside triphosphate, that is, one tiiat matches the nucleotide at tiie 
^lymorphic) variable site. Sq>aration of different extended piimm according to tfieir 
size by ^1 electrophoresis or MALDI (matrix-assisted laser desoiptionA(mization) mass 

20 q>ectrometry has also been suggested for primer exten^cm. 

Ihere is no suggestion in previous publications to comfame the two techniques, 
4iati8,topetfiiima8ing|ebaseextendonmeaiodofsequenc^ In 
£u:t,difiBcultieswouldhavebeeaexpectedbecause resulting Itybridization signals were 
expected to be too weak for accurate detection even in smaU gel elements Thatiswfay 

25 PGR (an^lification) of flie target was generally required befixre hybridusation. 



SUMMARY OF THE INVENTION 

This invmtion relates to mediods and compositions fi>r detecting and analyzing 
molecules using various types of primers immobilized in gel pads in a microchip. 
30 Immobilized oligonucleotides are used as primers for PGR amplification as well 

as for q>edfic extensions by addition of one of sevend nucleotides. Two^eanphilized 
primminaygelj^nmymhibitt^ reatcti nduetosterichindraiye. Therefore, one f 
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fhe tw primers can be released before the reaction or only one primer can be 
immobilized 

Detection of small amounts of nucleic acids hybridized to immobilized 
oligonucleotides can be difficult In the past, the nucleic acid to be hybridized was 
5 labeled with a rq>orter molecule. The intensity of the hybridization signal was limited 
by the quantity ofhybridized nucleic acids. In this invention^ this drawback is overcome 
by aiiq>lification of nucldc acids hybridized to immobilized primers or/and enzymatic 
addition of the label to the primos, which are involved in q>ecific hybridization. An 
elevated tenq[>erature makes it possible to have multQ>le hybridization events for each 
10 taiget molecule of nucldc acid In addition, tibe enzymatic reaction can fbea take 
advanta^ of fliese multiple events, by modifying &ose oligonucleotides on which 
sped&c hybridization has taken place* In this way, hybridization signals are amplified 
by, for exaniple, PGR wifli immobilized primers or by the single base primer extension 
assay. 

IS A method for determining the identity of a mtrogea base in a nucleic acid 

molecule fit>m a sample has been developed. The method includes: 

(a) obtaining a xmqpopMp^^ The 
primers are conq>lementary to the nitrogen base sequoice in the nucleic add 
molecule tibat is adjacent to the nitrogen base whose identity is to be determined; 
20 (b) havi^glabeleddideoxyribonucleosidetriphosphatesavailabte 

a reaction between the fnuners in tiie gel and the nucldc adds in ttie sample; 
(c) leactmg flie miciodiq) with the sanqple to extend the primeit^ and 
(iQ identifying tiie nitrogen base by detemuning tiie identily of flie 
labeled dideoxyrilKmucleoside trq>hoq>liate that is incorporated into the primer 
25 by primer extensioa 

Using a different primer metiiod to idmtify a nitrogen base in a nucldc add 
molecule from a sanq>le, 5tq>s include: 

(a) obtairungainiciochip comprising aplurahty of primerscontainmg 
different 3* temiinal nucleotides inunobilized in gel pads; sevoral primers are 
30 selected to overlap the nitrogen base when the primers are hybridized to the 

' molecule 
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(b) reacting the microchip with th sanq)le to extoidtiie primers; and 

(c) identifying the nitrogen base by determining the identity f the 
prima* fliat is extended 

Theprimersinchidemultibaseprima:soramnltiprimerset Suitable primens are 
5 about 10 to about SO nucleotides in length. The concentration of primers wittun a gel 
elment is fiom about 1 00 pM to about 1000 pM. The primers may be synflietic nucleic 
adds. 

The invention also iiicludesam^hod for detectionofasmanquantityofaniucld^ 
addtargetbysiiiglebaseprimerextensiononagelniicrodiip. The meOuid includes flie 
10 following steps: 

(a) obtainhig amicnKiiq> containing immobiiizedprimers fordienucleic acid 
target; 

(b) introducing a label into the 3' terminus of diose primers wfaidi are 
con^lementary to the nucldc acid target by incubation of the microdup with a 

15 plurality of target nucldcadd fiagments, aDNA-or KNA-dq>mdentpolymerase 

aiidaplundityofdideoxynucleotidetrtidio^hatescoiqugatedwithanyde^ 
label; and 

(c) detecting tiie label coi^iled to the immobilized primers fiom vAikh 
presence of die target is infened. 

20 This mdhod is useful for d^ection in biological samples of specific nucldc adds of 
interest, for wUch at leastapartial sequence is kllowr^ gmeexpfesd 
ofgenes(seeparagrqrih'toxingwiedetection'0,pathogffmciinci^ 
so forth. 

Target nucldc adds may be single or double stranded. The target nucldc add 
25 iiiayJb^JQ^iAr-^'^NX.^^bther types of molecules — for exanq>le, proteiiis sudi as 
antibodies or enzymes — may also be targets. The nucldc add targrt may be a plurality 
of nucldc acids that diff^ar in one nucleotide fiom eadi otfao* and are represented in 
different proportions fiom each other* 

Suitabledideoxymicleotide triphosphates conjugated wittithel^^ 
30 ofddhrrPssdectedfiomA,T,C,Gtrq)lK>sphatesanduriivars^ Thelabel 
isi 
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The target nucleic add can include a plurality of RNA fiagments , total KNA, 
fractionated mRNA, ribosomal RNA, low molecular wdght RNA» as well as RNA 
transepts of DNA. 

The pKuna extaosion reaction is canied out at a constant temperature. In an 
5 embodiment of flie invention, flie reaction is canied out first at a lower temperature to 
allow the target nucleic acid to hybridize with a primer and enzyme to ejctend the 
immobilized primer, then the temperature is raised to achieve doiatuiing conditions, and 
then the temperature is lowered to allow another round of hybridization to occur. 
Elevated tenq>eniture is needed for amplification of single base extensions. 
10 The m^od of the present invoition for detection of a nucleic add targ^ by a 

polymerase reaction on a gel microchip includes flie steps of: 

(a) i»eparing a mioochip of indepradmtly 5* immobilized primers; 

(b) extending the primers whidi are coxiq>lementary to taiget nucleic adds by 
e3qx)sing the microdbip to a mixture of taiget micldc add firagments, enzymes 

15 and deoxynucleotide trq[>hosphates: and 

(c) detecting flie extended primers fitom yAdch presoice of the taiget is 
m&ned. 

In anoflier embodiment, wherdn the molecule bei^g detected and analyzed is not 
a nucldc acid, e.g. is an antibody, (a) a specific target micldc acid is coiq>led to the 
20 molecule, and (b) the nucldc add is idmtified in accord wifli methods of the inv(mtioiL 
Anotho- aspect of the invoition is gel elements of a microchip that have 
primers immobilized in die gel pads. 

The invmtion is usefiil for detecting rare taiget DNAs/RN A^ quantifying 
DNAs^RNAs, iiialdng nucleotide-tagged taiget molecules, usmg n^^ 
25 molecules for identificaticm of non-nucleotide molecules, making releasable 
nndeotide tags, and using releasable nucleotide tags fiir identification of other 
molecules. Rare molecdes are concentrated on flie microchips to enhance sensitivity 
ofd^ection. AU variable nucleotides in a sample may be identified in one reaction. 
An Bspect of flie inventicm is a mefliod to perform minisequendog fliat allows 
30 the sequencing of a short run of bases in a DNA r RNA po^er, providing not only 
single nucleotide sequencing. A soies of single nucleotid sequendng5tq>smaybe 
combined to achieve sequencing of more than one base. 
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BRIEF DESCIUFnON OF THE DRAWINGS 

FIG. 1 is a diagFammatic iq>resentation of a primer extension reaction on a 
nucrochip of gel-immobilized prim^. 

FIGS. 2a and 2b pr^oit DNA sequences and primers used for embodiments of 
S the present invention; for FIG. 2a, the oligonucleotide, DSQntN, was synthesized DNA, 
and die microdiip-immobilizedmultibaseprimeris designated as muttqnimersets 
are primers containing one of ttie four bases A, G, T, or C at the polymorphic site» N 
with ttie length of sequences (nt) incoiporated into primer name^ in FIG. 2b, tiie DNA 
gene sequence is represcasted as the ui^>er, bold sequence the 
10 designated with names fliat end in an Arabic mnnend; multqxrimar sets are ttiose 
designated with names that end with an "N". 

FIG. 3 shows time dqiendence of the fluorescence signal amplification in tiie 
mioochip multiprimo' set mediod; flie m^xxi was inq>lemented at 66^C with tiie 
nucleotide designated DSQntG DNA (2 nM), matched primers P20ntC, PI 9ntC, P 1 8ntC, 
IS P17ntC, and 3* terminally mismatched primers P20ntA, P20ntG, and P2QntT* 

FIG. 4 shows the effect of DNA concentration on the reaction yield in a 
microchip multiprimer set using ttie single oligonucleotide extension method; Hho mettiod 
was inqilemented with an oligonucleotide designated DSOntA as a target, and with a 
primer dcsjenated F2SntT and fluorescenUy labeled NTPs at 66 C for 6 h. 
20 FIG. 5 illustrates detection of DNA sequences of toxin genes of B. anikrads by 

amultiprinieresctensionmediod; twoPCR*amplifi^ fiagmmtsof 2^(03 piKU>I) mdpag 
(03 pmol) toxin gpass were qpplied on a mioocfaip containing immobilized primeis. and 
the mediod was implemented at 66X for 2 h. 

FIG. 6 shows the sequenceofnormalaBeles and mutated alleles forregionsof the 
25 human P-globin locus. 

FIG. 7 illustrates detecdcm of P-tha1assemia mutations in PCR-anq[>lified DNA 
by botii tiie multibase and the multiprimer set me&od on miooch^ sense chains 
containing A, G, T> or C» immobilized as primers were extended at the 3 -terminus with 
labeled ddNTPs at 66''C for 2h. The first column of gfsphs shows DNA samples 
30 analyzed by a multibase assay; tiie second column diows DNA analyzed by the 
multiprimer assay; testDNAs are from aheterozygous control having two normal alleles 
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and from two heterozygous patients having a mutati n in each p*globin allele (codon 
CD6A+T and codon CD26A-K}). 

DETAILED DESCIUPTION OF THE INVENTION 
5 Novel methods are developed that incorporate primer extension meOiods on a 

genetic microchip widi hybridization methods to detect target nucleic acids. Biological 
microchips are siq>ported structures containing large nmnbers of small biological 
molecules; genedc microchips are ttiose containing nucldc adds. Suitable primer 
extaision methods inchide sin^e nucleotide extension using multibase primers and 

10 single nucleotide extension using multiprimor sets. An aq>ect of the invention is to 
extend by more than a single nucleotide. 

An amplification product may include additional targ^ molecules, or target-like 
molecules, or nM>lecules con^lementary to the target molecule. If ttie target is a nucleic 
add, an amplification product can be made enzymatically wifli DNA or KNA 

IS polymerases or transcriptases. Polymerases and transcriptases are enzymes whidi, in die 
presence of qjpiopriate reaction conditions, produce conq>l^entary copies of a strand 
ofDNAorRNA. The strand that is copied is called the template DNA or RNA. 

In the present invention, gel-immobiUzed oligonucleotides are used as suitable 
substrates fornucldc acid polymerases. Gel-inunobilizedoligpnucleotidesareusefiilfor 

20 manysq>plications,eg. forminisequendng. Forexan4>le, asinglebaseextensionmedK>d 
was performed for flie first time on amicn>diq[> on which primers are immobilized in gel 
elements in an array . Anadvantageof using an array of immobilized primers is the 
oppcxtxaaJty to idatify all the variable nucleotides in a DNA targ^ in one re«:tion widi 
greater precision. 

25 The tenn '^oligonucleotide'* heidn means any fragment of DNA or KNA 

inchiding ddier or both synthetic and naturally occurring molecules. General^ an 
oligonucleotide is between 2 and 50 nucleotides in lengUn &e term "polynucleotide" 
^eral^^refisrs to larger diains. However^ there are iio strict definitions for suditcnns. 
Trobe** is a strand of nucleic add havnig a base sequence conq>lementary to a 

30 target base sequence. The probe may be associated with a label to identify a taiget base 
sequence to which the probe hybridizes* ^Trimef* is a nucldc add molecule having a 
nitrogoi base sequence conqplementary to a target base sequence^ which iqx>n 
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hybridization generates an amplification reaction. These reactions usually involve 
enzymes called polymerases and transcriptases. 

**Laber is generally a molecular agent which can be detected '^Labels'* can be 
attached to other molecules sudi as primers or probes, 

5 Single nucleotide polymorphism (SNP) analysis by prim^ eTCtension on 

biological (geo^c)niicn>cbipsoQntaininggel-]mmobilizedoUg^ aspect 
of the invention. A fhiorescrat signal on the immobilized piimos was amplified by 
canying out isothermal DNA polymerase reaction at an elevated temperature. 
Amplification of hybiidizatton signals of more than lOX are aqiects of the invention. 

10 Reactions on mioodups witti each of four fluorescently labeled ddNTPs 
(dideoxynucleoside ti]phoq>hates i.e., dideoxyadeoosfaieC-^tidine, -guanosine, -uridine) 
triphosphates were used to identify any base in a polymorphic site using one primer. 

An alternative procedure was developed for a microchip containing four 
immobilized primers. The primers differ in the nucleotide at the 3*-endofthe primer that 

15 matdies a polymorphic site. This is an example of the multqmmer set conq>osition. 

A target nucldc add uicludes single stranded DNA, double stranded DNA, or 
RNA. An immobilized primer m^ be any synthetic or native DNA (oligonucleotides, 
or PGR fisgments, or SNA^ and so forth), wfaicfahas anq)en3' end 0.6^ extendable by 
DNApolymerase). Eadinucldc add is linked by a phosphodiester bridge between 

20 5' hydrofxyl gn>iq> of the sngar of one nucleotide and the V hydnnqd gioiq> of fiie sugar 
of an a^aoent nucleotide. Each linear strand ofnaturaUyoccnrripg DNA or RNA has 
one tenninal end having a fi:ee S' hydroxyl group and anodiertCTninal endhaving a3' 
lrydro3cylgroiq>. The tenninal ends ofpolynucleotides are often reftned to as being fi 
prime (SO termini or finee prime (3*) tecmini in reference to Ihc respective fieelqrdroxyl 

25 groiQ). Cbnq>lementaiy strands ofDNA and RNAfonnantq[)a^ 

tiie 3' temunal end of one strand is oriented to ihe S' terminal end of the opposing straiul. 
ddNTPs may be conjugated with any detectable label, or ax^ molecule vMch could be 
converted to a label, or any combination of distmguishable label. Bach type of ddNTPs 
could be ccmjugated with the same label, or wifli differmt labels. 

30 Gel pads, provide an oivironment on a microdiq) that is inqxroved over sur&ces 

sudi as gilass slides because a gel is a 3-dimensional stiucture that provides a 
miaoenvironment tbat is more like a solution, wh^eas glass is essentially flat (2-D). 
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OUgomicleotides immobilized witiun polyaaylamide gel pads of a miaDochip are also 
accessible substrates for enzymes such as T4 polynucleotide kinase and T4 DNA ligase. 
Similarly, gel supports for primer immobilization provide a more homogeneous 
environment for DNA polymerases (MW'^kDa) flian ttie solid-phase, glass- 

S immobilized oligonucleotides suggested for primer extension by Pastinen et al (1998). 

The three-dimensional structure of &e gel allows achieving high local 
concentrations of immobilized primers (many copies of a primer within a single gel 
element) wiAin a small volume and is characterized by significantly higher capacity for 
immobilization than two-dimensional glass supports. The hi^^o- concentration of the 

10 primes' in each gd element results in increases in the local concoitration of DNA 
fragments complCTientary to the primer during hybridization and does not affect the 
concentrationofDNAstfiatdonotmatohtheprimerDNAs. Thisphenomenonreinforces 
die q[>ecifidtyofthe method aiid the primor extension rate dynan^ Accumulation of 
mntrhing fiagmeuts witfain the gel is particulariy inq>ortant when double-stranded DNA 

IS is used in flie analysis. Under flie same experimental conditions, smgle-stranded DNA 
(ssDNA) produces a fhiorescent signal about 5 times higher flian doiible-stiaided DNA 
(dsDNA). However, tibe use of dsDNA significantly simplifies sainple preparation and 
may provide an additional control to increase the reliability of testing. Two primers 
coirq>lementary to both strands of DNA can be selected for tiie assay to test the same 

20 polymorphic site. That is, both sense and antisense mutations strands of DNA can be 
detected. In addition, not only double-stranded DNA, but firagmented DNA (chemically 
or en^matically) has a nonextradable 3'-end, which rules out unwanted concurrent 
extension of the double stranded DNA* 

Two types of primers, multibase and multiprimer sets, l^Kve been devel 

25 primer extension. The method ofsmgle-nucleotide extension of primers ixnmobilized 
witfunpolyaciylamidegelpadsonainicrochipusesmultibaseprim^ Intfabmettiod 
the 3' end of flie primer is positioned next to a polymorphic rmcleotide in a sample of 
DNA to be tested. For the test sanqple, the position of tiie polymorphism is known 
because of the question to be answered, but not by its identity. Generally, the DNA 

30 molecule to die sanqile to be tested (fiagment) is longer flian tfie primers in foe 
microclup, foat is, foe fiagment has more nucleotides in its sequence than foe primers. 
The nucleotide is foen identified by foe specificity wifo which foe primer incorporates 
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fluorescently labeled dideoxyribomicleoside trq>hosphates after a polymerase extends Ibe 
end. In the multipriiner set method^ several primeis contaiiuBg dififerent 3'-tmninal 
nucleotides and overlsqjping the variable nucleotide in flie sanq)le DNA are used These 
primeis were designed to be conq)lemratary to the taiget sequoice, ^^di is located 
5 downstream of the variable nucleotide. The 3* tmninus nucleotide, was next to the 
variable nucleotide (in a multibase assay) or overiq;iped the variable nucleotide in the 
multiprimer ass^ results shown herein (e.g^ see FIGS. 2a and 2b). The polymorphic 
nucleotide was identified according to which primor was extended or a fluorescoit label 
was used to drtemdnewhidi primer hybridized to the sanq>le DNA. AconqMiriscmwas 
10 niadeofthetwomethodsforutifityinftediagnosisofP-flialassemiai^^ Forthe 
comparison, an isothennal anq>lification of fluorescent signal was achieved by 
performing both mediods at elevated ten^ieratures, that is, above tfie melting tanp^ature 
for a perfectly matched nucleic acid diqplex. Matched diq;>lexes widi dififerent sequences 
and different lengths will have different melting tenq>eratiires. ^'Suitable" temperatures 
15 are above the melting t^peraturesCTn) of the primers. SmaU amounts of nucldc adds 
or low-copy genes woe identified by isothennal single-base extension. 

Signal amplification occurs because, at elevated tenq>eratare, ttie irmnobilized 
oligonucleotide-DNA or -RNA diq>lex will dissodate, flie DNA/RNA strand will 
rdiybridize to new unlabeled primer, with incorporation of fluorescent label at the new 
20 hybridization ate. 

In fliis way, hybridization followed by smgle-base extension of flie inomobilized 
ofi^modeotide generates fluorescent signals diatconthiuoustyan^ 
gel pad where hybridization has taken place. 

A penuhiniatepodtion is the deagn for the nniltibase primers. IaFIG.2a,1fae 
25 "FN" primer is an example of a multibase primor, in FIG. 2b, pCD6, pCD 1 8, pCD26, 
pIVSI/1, pIVSI/2, pIVSI/S, andpVISI/6 are multibase primers. The last position in these 
primers (acyacent to, or 3' of the position of flie mutation in the gene sequence) will 
matdi ddier the normal or Hit mutant allele. For example, if a normal allele had a 
sequence y-TTCGCGGGG-3' and the mutant allele was 5'-TTCCX:GGGG-3*, a prima* 
30 with die sequence 3*-GCCC&S -gel would be a multibase primer. The normal allde 
would anneal and add a labelednldCTP; flie mutant allde would anneal and add a 
labeled-ddGTP. ThetwoddNTPswouldneedt be labeled wiflidi£foent labels; for any 
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one nucleotide difference, bofli normal and mutant test DNAs wotiM anneal to the same 
location on the chip, but tb label for the ddCTP would be a diffanent color firom the color 
oftbeddGTP. 

An ultimate (variable) position is for the multiprimers. In FIG. 2a primeis 
5 P25nfl^, P2(hitN» P19ntN, PlSnfN, and P17ntN are examples of multiprimers; a 
multiprimer set would include four primers, each with an A» or C and the 3' end; 
primers as depicted in FIG. 2b with name designations that end in are the 
multiprimer set types. FIGS. 2a and 2b illustrate that the position in the primer that is 
conqilementary to the mutant allele versus the complement to ttie normal allele is varied. 
10 A prima' that is complemrataiy to the mutant allele is not complementary to the 

normal allele (and vice-versa). For example, if a normal allele had a sequence 
5'-TTCGCGGGGO* and &e mutant allele was S*-TTC CCGGGG>3'/one of die 
multqxrimers in the multiprimer set would have the sequence 3*-CGCCCC-S -gel and 
anodier one of tiie multqirimers in the multiprimer set would have the sequence 
15 3*-CKjCX;CC-S'-geL IttemutantaOele would anneal to the 3'-GCKXX:C-S -gel primer 
and add a labeled ddGTP. The normal allele would not anneal to that primer. The 
normal allde would anneal to Ae 3*-(X3CCCC-5'-gel and add a labeled ddGTP; but the 
mutantallelewouldnotarmealtothatprimer. Therewouldbe fluorescence at adiflferent 
location on the chip. 

20 It was unexpected that primer ^ctension at wnear the T^ would be successfiil, 

because the single ddNTP that matdied die mutated or polymorphic site was not expGcted 
to stay associated with the test nucleic acid molecule at thi s hig|h tonperature for a long 
enough period of time for an extendonreaction to becompleted However, incorporation 
of labeled ddNTPs did occur, and, moreover, &is transimt association allowed the test 

25 DNA to hybridize with a greater numb er o f immobilized primere, which led to a greater 
number ofimmobilized primers that wore labeled by primer extensioiL £athisway,Ae 
signal became amplified over the level of signal that was e3q;>ected. 

The T. for any particular primer and gene diq>lex can be calculated using any of 
a variety of readily available computer applications, or tfie Tq can be determined 

30 esq>eiimeotally. For example, experiments can be performed where fbc amount of 
hybridization between a primer and a fluorescently-labeled test DNA sequence can be 
measured ova* a toiqierature range, by observation of the flu rescence signal intensity. 
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As indicated^ tfam are two aspects of the method of the present invention to 
identify a variable base in a target DNA. The variable base is con[q>lementary to either 
a newly incorporated^ labeled nucleotide, or to the nucleotide that is adjacent to the 
incorporated nucleotide in the primer. Dq)ending on Aether tiie variable nucleotide is 

5 included or not into flie 3* end of the primer (regardless of the position of the variable 
nucleotide in die DNA target), after flie reaction is completed^ the extoided primer 
contains the variable nucleotide, wheflier it is in the 3* ultimate position or in the 3* 
penultimate position. 

In the multibase assay, the 3 -terminus of the primer is located next to the variable 

1 0 base N, and DNA polymerase incorporates one of the four diffoent labeled ddNTP which 
is conq>lemaitary to the base, whereas the mismatched ddNTPs &il to be incorporated 
To identify the variable base, four ddNTPs are tested in separate reactions, or each 
ddNTP is associated with a distinct reporter molecule or labeL 

Jn the muh^irima set meOiod, the 3 -teiminal base of tibe primer corresponds to 

15 the variable base. &i tins aspect offlie invention, four primosfliat each are variable at 
the 3*-iiucleotide and arepreferabfyused to test all fourpossible bases in the polymorphic 
site of target DNA. The polymenise recognizes oiify the primer that matdies this base 
in its 3*4emiinal nucleotide and incorporates the labeled ddNTP adjacent to it The 
polymerase does not react wifli die primm that form mismatched base pairs in their 3 - 

20 tmninal portions. 

The relative efBdency of the various types of primes suitable for practice of the 
invention dqiends on how reliably the DNA polymerase discriminates a match against 
amismatch dthor in the tenninal position of tiie nucleotide primers or in tiie incorporated 
ddNTPs. 

25 Nucleic acid hybridization assays detect the tendency of pairs of nucleic add 

strands to pair witii greatest stability if they contain regions of ccmvlementary sequence. 
Eadi pair of complementary nucleotides, between two strands, increases the stability of 
pairing between a biolo^cal binding pair fornied between die two nucldc adds. DNA 
segments isolated fiomagmwingorgariism are generalfydqilexDNA^apairo 

30 complementary strands whose pairing is very stable. Hie tenn liyfaridize'' refers to 
imposing coruiitions whidi promote such pairing. Hie tmn "denature** refos to 
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imposing conditions which discourage such pairing. The conditions are imposed by 
adjusting ionic strength, pH or temperature. 

Hybridization of DNA with an immobilized primer and primer extension were 
carried out in one stq> at an elevated temperature in the presence of tfaomostable DNA 
5 polymerase and fluorescently labeled dideoxynucleotide triphosphates. By terminating 
chain elongation with such tripho^hates, the incorporation of only one base was ensured 
and, therefore* the qypearance of a fluorescent signal was fiom only such gel pads 
^eiiem the correct hybridization had taken place. 

Isotfaennal anq[>lification was carried out at a temperature above Ihe meltiiiig 

10 teaq)eratnreofa matched nucleic acid duplex. Melting temperature is defined as thai 
tonperature at which quantity of diq>lexes is 50% of maximal possible quantity of 
diq[>lexes at given conditions (salt concoitration and concentration ofbotfa strands.) The 
tenq>erature is determined onpiricaUy or tfaeor^ A DNA 

strand to be sequraced wiU tenqpoiarily anneal and provide a template for smgle base 

15 extrasion of the complementary primos. As the process of annealing and doiaturing 
recurs, a plurality ofprimors in a gel elemrat— that is, containing multiple copies of the 
same primer — has its signal enhanced. 

Initial amplification was performed with ThemioSequenase* at tCTiperatures 
above the melting points (T|J of the duplexes of all primers to be used To adiieve 

20 amplification of the fluorescent signal, the methods of the present invoidon were carried 
out at atenq>erature slightly above the melting ten^>»^ture of aperfectly matched dtq>lex 
formed by DNA and the immobilized primer. Under these conditions, the taiget DNA 
undergoesarqpidturnoverbetweentfaediplexanditsdissociatedstate. ThesameDNA 
molecule successively interacts with different prima* molecules, produdng diq>lexe8 

25 manytimes. The lifethnesofat least some ofthese duplexes are sufBdentty long for Ae 
enzyme to extend tfie primer. Thus, in theory, a singile DNA molecule would suffice for 
extending all available primers. 

The rate of anqylification proceeded lineariy in time, and the rate was higfier for 
longerandmorestableoligonucleotides(FIG.3). Thepowerofdismminationbetween 

30 perfect inatcfaed versus mismatched oUgonucleotides also increased with time. A direct 
correlation between the fluorescrat signal dependence on the target DNA concentration 
was observed ^G. 4). With this method it is possible to carry out comparative 
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quantitativeDNAaxialydsontheixuciochipwitfamawidetm ns. 
Table 1 shows the fidelity ofThennoSequoiase^in a multibase primer extensi n method 
tested for 1 6 combinatiom of four DNAs (DSOntA, DSQntG, DSOntT, DSOntC) with four 
fluoiescently labeled ddNTPs (ddATP» ddGTP» ddUTP, ddCTP) and inamobilized 
5 (P2Snt) primers (the sequace is rqjresented m FIG. 2a). Discrimination of a 
mismatdied base was at least 50 fold, and the m^faod demonstrated hi0k specificity 
whensingle-strandedDNAwasusedascomparedtodoublestrandedDNA. Specificity 
as used in fliis context means the probability of mistakes due to» e.g.^ misincorporation 
of a nttcleotide(s). 

10 The temi ''mettiiig tenq^erature" is helpfid to explain dififefent esxperimental 

phenomena. De^he the "common sense" that in described experiments the optimal 
te&q>efature for primer extrasion should be lower than the meldng temperature of primos 
(because of the high^ concCTtration of diq>lexes), for "short" primers (1 5-30 nt long) the 
optiinal tenq>erature was hig^o* than melting tenq>a:ature of said primers. Forlong^ 

15 prim^ (e.g. 100 nt long) tfie optimal teaq>erature would be lower than the melting 
tCTq>erature of the primers. 

When a universal base (a base such as inosine that will base pair wifli any of fiie 
four naturally occiming bases) or a pluraUty of naturally occurr 
internal position of primers, the number of primeis could be lower if flie polymorphic 

20 sites are located close to each other. Mifsmatches near the 5' end do not considerably 
change the yield of the extension. 

Multibase primers and nniltqimmer sets designed to have internal mi smatches are 
compo^tions of the present invention* These primenswifli internal mismatches would 
add an additional accuracy parameter to distinguish an exact match fitm 

25 oligonucleotides to serve as an on-chip intonal control (or could be used to detect both 
3* variation and an internal variation). An exanq)le of a primear with internal mismatdi 
sequrace would beaP17ntN sequence (see FIG. 2a)withasequenceofNgacttt^gtgactt 
5*-gel, rathor than Ngacttttccgtgactt 5*-geL 

Methods of the present invention are useful for detection of small amounts of the 

30 target (as low as 10^ molecules per microliter or less, see FIG. 4)^ Methods are also 
useful for detection and measurement of relative amounts of tsrgiBt nucleic add in a 
mixture of highly homologous nucleic adds (e£:» that dififa* in one nucleotide) 
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represented in the mixture in dififerent proportions fiom equal rati s (fiir heterozygous 
samples) to 1/10 and Iowa ratios. For example, in an analysis* which anns to detect B. 
anthracis in a sample from the soil, a confounding &ctor is that B, thuringiensis is a 
widespread microorganism in the soil. There are only few nucleotide differences in the 
5 1 6S RNA of these microorganisms, that is, their 1 6S RNA genes are highly homologous. 
The most probable situation is that B. thuringiensis 1 6S RNA would be in laige excess 
over A anthracis 16S. 

The methods of the present invention are also useful where a large s^ of different 
types of molecules of any nature is obtained and each type of molecule is conjugated 
10 sq)arately with a specific DNA fragment By identification of tiie specific DNA 
firagmenttiie type ofmolecule conjugated to it is identified. In addition, tiiedNTP is a 
suitable altraiative to ddNTP in a "^multifnimer assay". In this case, it would not be 
^glebase extension, but rather a "mutt^le" base extension. 

IS EXAMPLES 

The following examples illustmte embodiments of the invention: 

Example 1 : Determination of Preferred Temperature for Signal Enhancement 

Optimization expomients were carried out with synthetic 50-nt-long DNA 
20 firagmCTits of the B. anthracis leftowi goie in which a polymoiphic (variable) site (N) 
had been introduced. A set of primers was derived fipom a 1 7-ht>long ohgonucleotide by 
elongating its 5'-end; all primo^s excq>t P25nt contained one of the four possible 
nucleotides (A, T, C or G) at tiie 3'-tenninal position. (FIG. 2a). 

Different amounts (fix>m 0.2 to 1 pmol) of primers wero immobilized pe^ 
25 100x20Aan^gelpadtodelenninetiiec9thnumprimarc(mceiitra^ Nodgnificantiise 
in the fluorescent signal was observed for immobilized prinler concentrations 0.6 
pmolpo-pad. The best discriminatioii of 3' mismatches was attained for this amount of 
primers wiflun a wide range of target DNA concentrations, and flieanefiire was used in 
subsequent e9q>erimeats. 
30 The melting tenq>erature (T J of primors calculated by using different formulas 

(Mitsuhashi 1996 a» b; Fotin et al 1998) did not correlate well witii die experimental 
values. In addition, as shown earlier, T„ was different for duplexes formed on a 
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microchip versus diq>lexes formed in sohitioiL Microchip values are not predictable fiom 
other CTipirical tCTtporatures, values, which are det^iined for perfectly matched 
diq>l»es of targ^ DNA (1 /xM DSOntN) hybridized with microchip immobilized primers 
of diflToent lengths for duplexes formed on a microchip was determined according to 
5 Fotin et al. 1998, were witfiin Ifae range of 48-S3''C. Adding Perfect Match PGR 
Enhancer (StiatageDe) did not considerably affect flie melting temperature fi>r perfect 
diq>lexes. 

T„ was measured in real time on an automatic esqierimental setiq> consisting of 
a two-wave-length fluorescent microscope, CCD-camen, Peltier tfaomotable, 

10 tanperaturecontn>ner and a computer equipped witt a data ^uidtionbo^ Special 
software was designed for experimental control and data processing, ^^ch used a 
LabVIEW virtual instrument interface (National histrumraits, Austin, Texas). 
Equilibrium melting curves were registered at increasing tenq)erature at a rate fiom 
l*C/h at low temperatures (+4°Q to mm. at hi^ temperatures (+60''C). 

1 5 The highest yield of the extension reaction on the microchip was found at 66±^ ""C 

for all tested primers. This raiige is above the T^ but below the optunumteaq[)eratuie for 
ThomoSequenase* (vAdch is about 74''C). 

Example 2; Effect of Extraslon Time on Intensity of Signal 
20 FIG. 3 shows ike rise of the fluorescent signal with time during flie extension 

leacticm witfi 2 nMDSQntG DNA and temunally maldied (P2QntC, P19ntC» PlSntQ 
P17ntC) primers of different Imgttis and mismatched CP2QntA, P2QntG, and P2QnlT) 
pmneis. After a 60 min lag, the slope of flie fluorescoit signal became linear for all 
primers. The velocity of signal accumulation was higher for longor primos. The 
25 anq[>lification curves for die mismatched prim^ were lower, changmg little widi timei, 
mi wm shnilar for die G-A« G-T, and G-G terminal mismatches. Thoefore, die 
discrimination of die matched daplcx fiom the mismatched ones - the ratio of dieir 
fluorescent signals, increased with, for example, to 22 to 25-fold in 1 20 min. for the 
20-merprimer. The discrimination was about die same for all tested mismatcJies. 
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Examples: Effect of C ncoitratlon of DNA Targets on S^ab 

FIG. 4 shows the direct correlation betwera fluorescent signal and concoitration 
of target was obs^ed in a wide range of taiget concentration (three orders of 
magnitude). 

S Inorganic pyrophosphatase in the reaction mixture prevents removal of extended 

3' tmninal dideoxymononucleotides. Mismcoiporation of ddNTPs with 
ThennoSequenase^ in a microchip assay was in most cases much less than 2% in the 
model experiments with ssDNA (Table l)and less that 10-20%oofthe correct extension 
in the detection of ^-thalassemia mutations (FIG. 7). 

10 

Example 4: Toxin Gene Detection 

Oligonucleotide microdiq[)s were used previously jRir bacterial identification by 
means of oligonucleotide hybridization with variable regions of 16S ribosomal UNA. 
However, some closely related microorganisms, sudi as human and insect patiiogms 

IS mthracismdB.Auringfensis^respocAvc^^ 

in tiieir 16S ribosomal SNA, and tnzy be, tfamfore, difBcult to discriminate by this 
technique. Prima* extension anq>lificationoftoxiii-(nr antibiotic-resistant gmes can be 
used as an alternative procedure for identifymg pathogenic microorganisms and for 
acconq>lishing what is curr^y difficult or in^ssible* 

20 Double-stranded PCR fiagments ofB. anthrads plasmid pUXl-bome protective 

antigen, pag (positions 1933-2179, GeneBank accession ruunber M22589) and letiial 
fector, /^(positions 1 153-1256, GeneBank accession number M3Q210) were used in a 
multiprimer extension assay. The microchip contained i^gene-spedfic primers (fiiUy 
matdhed P20ntT and tmninally mismatched P20ntC as a control, see PIG> l)anda/ia£' 

25 geno-specificprimer,PAG22nt,(5'.AGAACTAGGAATAGATAAATCCC^ 0.3 
pmol of the 246-bp-long DNA of jmi^ gene were diemicalfy fiagmented. 0.3 pmol of 
the 1034ip-longDNAoffliei^gaiewasusedydihoutfiagmentatioiL FIG.4showsthe 
results of flie microchip extension assi^ carried out for these two DNAs. Positive 
fluorescence signals demonstrated that DNA in sudi amounts can be specifically 

30 identified by the assay. 

In a control experiment, 0.3 pmol f a syntiietic firagment of the /^gene DN A 
were conjugated with a Texas Red fluorescent label and hybridized with the microchip. 
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Only an insignificant fluorescoice signal was detected in the P2QntT gel pad. At least 
a 1 0-fold amplification of the hybridization signal was achieved by tfie extmsion assay. 

Example 5: Use of Mnltibase and Maltiprimer Primer Extension on Diagnosis of 
5 P-Thalessemia 

Comparative studies of p-thalassemia mutations have revealed similar 
specificities of tiie multibase and multtprimer srt single nucleotide extension methods. 

The conqparative usefiilness of multibase and multiprimer set single nucleotide 
extension methods was tested fi>r diagnosis of seven commonly occuning fi-thalassemia 
10 mutations wifliin flie fi-globin gene (FIG. 6). The mutations were oodon substitutions in 
flie first exon: CD6 A/T (A/T, substitution of A forT); CD18 T/C; C3>26 G/A, T; and 
splice-site mutations in various positions of the first intion (IVS I) IVS V\ G/A,T; IVS 
I/2T/A,C,G;IVSI/5G/A,T,C;andIVSI/6T/C. HG. 7 diows the results of genotyping 
of two patients. 

IS For diagnosis of these mutations using a multibase method, mioocfaips 

cGntaining 7 site-qpecific primers were prepared. The primers ^CD6,pCDl 8, pCI>26y 
pIVSI/1, pIVSiy2, pIVS]/S» pIVSI/6, see FIG. 6) were complemraitary to the sense cham 
of flie P-globin gate and adjacent to the polymcnphic sites. Four fhiorescein-labeled 
ddNTPs were used on the fi>ur microchips in four extension assays. 

20 Fordiagnosisofmutationsinamulttprimersetmediod,fhesevensetso 

OPIG. 2b) were immobilized on a mioodiq). Eadi set consisted of four site-spedfic 
primers differing in flieir 3*-end nucleotides, which overhqn>ed die position of a possible 
mutation (pCD6N. pCDlSN, pCD26N, pIVSI/lN, pIVSI/2N. pIVSl/5N, or pIVSI/eN. 
wfaereNwasA,G,C,orT,seeRG. 6). A mixture of all four fiuorosceui-conjugated 

25 ddNTPs was used for &e extension reaction. The results shown in FIG. 7 oiable one to 
idmtify tiie mutations as homozygous at CX> 6 A, CD 1 8 T, rS^SI/2 T, IVS I/S G» ^ 
I/6T; andhetero2^us at CD 26 G+A andIVS Vl G^A. 

All identified mutations were confirmed by standard sequencing of tlie tested 
DNAs. (Sanger et al^ 1977) The effect of penultunate mismatches on flie yield of 

30 primer extmsion was detennined by a multiprimer assay. Detecti nofbeta thalassemia 
mutations was performed by a multqxriiner asssy. C hunns woe sets of primers (for 
sequences see nG. 6 ansnG* 2b); rows were the terminal nucleotides of primes The 
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fhioiescent pattern fnonnalDNA wasdetenninedandforDNAwithamutadohin 
IVSI/2 (the fluorescent dgnal shifted from pIVS12Am^ This 
mutationishomoqrgoiis(tfaeonlygelpadinco]immpIVSI/2ttiatfluoiesces). Thesignal 
fiompIVSI/1 primo-set dissqppeared completely, since tfaediqplexes^ 
5 set with taiget DNA contain a penultimate mismatch (the sequence of target DNA 
complementaiy totihepIVSI/1 primersetis diangedfrom S'gTtggtatcaaggttacaagacaggtS* 
to S'gAtggtacaaggttacaagacaggtB*). Therefore praultimate mismatches could be used 
equally with ultimate mismatches for detennining the variable nucleotide. So, to analyze 
the possible mutation in IVSI/1 two primer sets are designed, one for DNA normal in 
10 position IVSV2 (S'hliaccatagttccaatgttctgtccS*), and anodic one - for DNA with 
mutationinpositionIVSI/2(3NI>iccatagttccaatgttctgtceS'). Introdudngauniveisalbase 
(J) or a mijcture of natural bases (M) in considered position allows us to design tiie only 
primer set (ST^accatagttccaatgttctgtccS*) or (3'NilfaccatagttccaatgttgtgtecS'). 

15 Example 6: Use of Primer Extension on a Microchip to Detect a Specifk Antibody 



interacts widifhe said antigen is to immobilize all antibodies in separate vials and add 
fhe antigen to all of the vials. However, this q;>proach needs a large quantity of die 



20 antigen and of the antibodies. Instead, using the present invention, the mediod is as 
follows: 



An embodiment of fhe invention is to have an antigm (e.g. protdn) and a library 
ofmanydifferait antibodies. A procedure to eluddateiiiiic^ antibody from the library 




L co iq[)ling each antibody from the library with a distinguishable 



nucleic acid ta^ 



2. putting all antibodies and the said antigen into the one vial to 



25 



allow antigen-antibocfy interaction^ 

3. removing all antibodies that do not interact with antigen; 

4. preparing a microdiip widi immobilized primers that are 



complementary to fhe tags; and 

5. drtennining which antibodies woe associated withflie antigenby 



30 



detecting tiieir nucleic add tags by primer extension on a microcfaq). 
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MATERIALS AND METHODS 
Oligonucleotide synthesis, microchip mannfactnring, and flu rescent signal 
detection. 

Oligonucleotides and short DNA firagmmts wctc synthesized on a 394 
S DNA/RNA synthesizer {AppUed Biosystems) by standard phosphoiamidite chemistry. 
Primeis to be immobilized on mioochips contained S -amino gtovp and were syndiesized 
with C|8 linker (Glen Research) and IMlink aminomodifier (Clontedi). The 
oli^nucleotides containing trityi were purified by ieveisei)hase HPLC (Dinamax^ 
Rainin Instrument Co. Inc.)* 

10 Nfiorodups were mannfictured as described by Guscfain ei al. (1997) and 

Timofeev ei oL (1995). A polyaciylamide gel mioomatrix was pr^ared by 
photopolymerization of 4% acrylamide (acrylamiderbisaoylamide, 19:1) for 
oligonucleotide and DNA immobilization and 3% acrylamide 
(aciylamiderdiallyltartaidianiide, 3:1) for protein immobilization, in 40% glycerol 

15 0.002% mediylcaie bhie» 0.012% TEMED» and O.IM sodium phosphate buffo*, pH 7.0. 
The mixture was q)plied to an assembled polymerization chamber, which consisted on 
a quartz mask (100x100x1. 4 mm) pretreated widi Rq)el-Silane (LKB) and then with 
0.01% Tween 20; two 20-;mi-fliick 2.5 x 25-mm Teflon pacers; and a 75 x 25 x 1-mm 
glass inicroscopesUde(Ctoin]ngMicmSUdes)pretreatedwidiBind-S^^ 

20 ondietc^ofthespacers. Theresultmg glass chainberwas&stenedby two metal clam 
The internal side of the quartz mask has a nontranq)arent l-/im-1hick chromium film, 
prepared by photofithograplry. The assembled chamber, filled with acrylamide solution 
by cqiillary forces, was exposed to UV transilluminator (FisherSdentific) a 2S4-nm 
UV Stratalinker 1800 (Stratagene) finxm a distance of 1 m. 

25 After polymerization, the diamber was disassembled. The micromatrix was 

washed with water to remove noi^olymerized acrylamide, dried, and kept at room 
temperature. Micromatices having gel elements 25 x 25 x 20 /an and larger were 
produced by this m^od. 

An oligonucleotide solution was transferred to each gel element using a pin robot 

30 The tiherm stabilized, ^Id-plated, glass fiber optic pin, 240 /mi in diameter, has a 
hydroplK>bicsidesarfiuieandal^drophiMciqp»persi]rfi^ The pin temperature is kq>t 
close to dew point by a Peltier thermostated plate to avoid evaporation of the 
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oligonucleotide solution. A minute volume of oligonucleotide solution. A minute 
volume of oligonucleotide solution is loaded on the pin» and then ttie solution from the 
pin is transferred by one or several loadings (about 1 nl per loading) to the gel pad 

Micromatrices of 100 x 100 x 20 of gel pads were prq)ared by 
5 photopolymmzation of 5% polyacrylamide gel. Each primer was applied on a gel pad 
by a pin robot and immobilized through reductive coupling of the S* amino group of the 
primer with the aldehyde gn>iq> of the activated gel pad. 

The fluorescent patton was monitored on an q>ifluorescent nucroscope equii^>ed 
witti aCCD camera. The image of the microchip was displayed and analyzed onaPC 

10 using HybResP software (HybResP, Tool Kit for Hybridization Results Analysis, 
Aigonne National Laboratories). However, analysis may be perfomtied usmg any 
conventional image analysis software. 

The following algorithm for image analysis was used to obtain fluorescent 
signals. The background originating fiom the absorbed dye-labeled ddNTPs was 

1 5 assumed to be unifomi between flie gel pads fluougbout Ifae dbip^ and absorption of dye- 
labeled ddNTPs on flie gel was assumed to be nearty unifimn. Each gel pad is 
surrounded by two concCTitric square fiames: an inner frame Ifaat totally covers flie gel 
pad and an outer frame that is larger than the inner one, but does not overly any 
surroundinggelpads. ThefluorescentsigDalwasaveragedinsideflieinnerframe(C)and 

20 in the q[>ace between the inner and outer frames (B, backgrouiul). The fluorescmt signal 
(J) fiom the gel-pad was obtained by subtracting die background from the inner frame 
signal and dividing die difference by the badcground to compensate for variations in 
intensily of flie exciting liglit, that is, J^C-B)/B. Under the above mentioned 
assumptions^ the registered hybridization signal (J) di£fers from the "real" one (D): 

25 wherein I>^Jr Jc is the fluorescent signal obtamed fiom the gel pad with irrmiobilized 
primeTy andJc is the fluorescent signal fiom an empty gel pad. 

DNA preparation. 

A 421 bp long fiagment of P-globin gene was prqpared by PGR anqilification 
30 fiom the genotnic DNA ofpatients with different P-thalasseniiamutatioris. 

100 /Lil of reacti n mixture contained SO ng of genomic DNA, 50 pmol feach 
concluding primer (5'-TGCCAGAAGAGCCAAGGACAGGTA-3', and 5'- 
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TAAGGGTG GGAAAATAGACCAATA-S*), 200 /iM of each dNTP (Phannacia). 20 
AiMdUTP (Phannacia), and 5 UTaq Plus Precidcmen^memixt^ 
Taq Plus Precision buffer (Stratagene). Amplification was carried out in 30 cycles: 
95**C for 30 s, ST'C for 20 s, ami 72''C for 30 s, I^n completion of the reaction, DNA 
S was purified fiom tike unincoiporated dNTPs and the primers with a QlAquidc PGR 
purification kit (QIAGEN, Inc.) according to the inanufacturei:'s protocol DNA was 
ehited fiom flie column witfi SOfzl of Ix ThemK>Sequenase^ buffer for enzymatic 
cleavage or with 20 /il of water fi>rchaiiicalfiagmentatioiL fiizymatic fingmentation 
was carried out by adding 3 U of Uracil DNA Glycosilase (Bodninger Mannhdm) to 

10 ehited DNA at ST^'C for Ih to aieatedeavsd>le sites, flioci heated to 95 ''Cf 

:q>littheDNA. Alternatively, chemical firagmentation was carried out as follows: the 
DNA solution was diluted 80 /il of formic add, incubated at room tenq>erature for 20 
min,andpredpitatedwithlmlofO^M LiCI04 in acetone at -20X for 20 min. The 
pellet was dissolved in 100 fi\ of 10% piperidine and incubated at PS'^C for 1 h. 

IS Piperidine was twice extracted widi 0.5 ml of chlorofimn. The finagmented DNA was 
predpitated with 1 ml of OJt M LiCI04 in acetone, washed with 70% e&anol and 
acetone, then dried and dissolved in wat^. 

Primer extension is based on the high predsion of ddNTP incorporation using 
methods of thepresent invention. ThamoSequenase^isanexonuclease-fireepotymaase 

20 with a phenylalanine-to-tyrosoie mutation, vMcb strongly reduces the discrinoination 
against ddNTPs (Reeve and Filler, 1995; Tabor and Ridiardson» 1995), thereby 
fiunlitating die ddNTP incorporation and reducing fi^ uncertain^ 
by file uneveniate of ddNTP incQiporatian. 

ThennoSequenase^ is not error prone. DNApolymerasesareknowntobehi^ily 

25 selective in extending fiie 3' end of perfectly matched nucleotides over 3' mismatched 
ones. The lack of 3-5* exonuclease activity in ThamoSequenase* allows the use of 
standard phoq>horamidite diemistry for pruner syndesis, ^ereas enzymes tiiat bear 
pnK>fiesd]i]g activity wouldrequire introduction of athiophosphatebon^ 
endrmcleotides. Presence of mismatches within the 6-nt-long region from the 3' primer 

30 end significantly affects the extend n reaction yidd. Penultnnate mismatcJies in the 
second position fiom the 3* terminus of tiie primer decrease the e)ctendon rate to the 
background leveL 
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Isotbermal single-base primer extension metkod 

A. Identification of single base polymorphism with multiprimersets. 

From 0.2 to 1 pmol of primers were loaded per 100 x 100 x 20 Aon^ gel pad of a 
mioochip. SO fil of reaction mixture contained 0.06 - 6 nM DNA, 10 f^M each 

5 fluorescein-conjugated dideoxynucleotide triphosphate (ddNTP-FL, NEL400-NEL403, 
NEN DuPont), 5 U of Perfect Match PGR Enhancer (Stratagme), and 30 U of 
TheraaoSequenase^ (Amersham)in lxThennoSequenase^ieactionbu£rer(Amersham). 
Donble-stnuided DNA was denatured at 95^ for 5 min before qyplying it to the 
microchip. The reaction mixture was placed on the microchip at 75 '*C, covered wiA 

10 diamber for in situ PGR (Aoq^liCover™ Disc and AmpliCovo^* Clips, PeddnEfanor 
Co.) and incubated for 10-360 min at a constant temperature ranging fiom 58^C to 
74^C. Upon completion of tiie reaction, the microchip was placed in a submarine 
electrophoretic diamber. Electrophoresis was carried out at 9 V/cm for 5 min. in 0.5x 
TBE buffer to rmiove fhiorescently labeled ddNP, Then the mioDchip was rinsed with 

IS water and dried. The fluorescence pattern was analyzed as described hoeia 

B. Identificationofpofymoiphismwithprimerslocatednexttopofymorphicsite^ 
(multibase primer methoi^. 

0.6 pmol of primers were immobilized within a gel pad of the microchip. Each 
^pe of fluorescein-coigugated dideoxynucleotide triphosphate was used in a sqparate 
20 reaction (A-,C*,G-, or T-reaction). The reacticm conditions were as desaibed herein, 
except uang flie following concentrations of one of four fluorescein-labeled ddNTPs: 
4MMddATP-Fl,7AiMddCTP-Fl,SMM ddGTP-Fl, or 14 |iMddUTP-FI;eadi labeled 
ddl^ was con^leted with die mixture of three other unlabeled dd^^ 
M concentration. 
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Table 1. SPECIFICnY OF MULTTBASE PRIMER EXTENSION ASSAY 

Fluorescence (AU) «N» DNASOntN 

A G T C 

ddATP 22 1.7 828.2 6.0 

5 ddGTP 1.9 1.9 4.8 813JI 

ddUTP 439.8 32 5.9 6.1 

ddCTP 1.8 317.8 2.7 17.2 

The inunobilized primer P25iit was extmded vn&i one of four fluoiesceofly labded 
DNAs ^SQnfN with A, G, T, or C in N position) in flie presence of one of four 
10 targ^ DNA's labeled ddATP, ddGTP, ddTTP, or ddCTP at 66'*C for 2 h. 
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WE CLAIM: 

1 . A method for determinmg tfie idoitity of a nitrogai base in a position of 
a seqttoice of a nucleic acid molecule from a sanq;>le, said method conQ>risms 

S (a) obtaining a microchip conq>rising primos immobilized in gel 

pads, said primers conQtlementaiy to ttie nitrogen base sequence 
in file nucleic acid molecule that is adjacent to tiie nitrogen base 
whose identity is to be determined; 

(b) having labeled dideoxyribonucleoade tri]>hoq>hates available for 
10 a reaction between flie primes in the gel pads and the nucleic 

adds in tfie sanq>ie; 

(c) reactingthemicrochipwiththesampleatatemperaturesufQcient 
to octend the primers and effect hybridization of the prima with 
the target nucleic acid moledile; and 

IS (d) identifying the nitrogoi base by d^omining the idoxtity of the 

labeled dideoxyribonucleoside trqihosphate tiiat is incoxponited 
into the primers by primer extension. 

2. The method of claun 1, wtodn the dideoxynucleotide trq)hosidiates 
conjugated with the label are a plurality of dd NTPs selected fiom A, T» C, G 

20 triplu>spluites and universal substiti^ 

3. The mefliod of claim 2, ^erran the label is differaxt far eadi 
tiq)hofipliatB. 

4. Themedbodof claim U^ereintheieactingiscanied out atanelevated 
temperatore. 

25 5. ThemedK>dofclaim4whaeinflietempaatureisqyproximatelytheT„. 

6. The method of claim 1 , herein the reacting is carried out first at a lowor 
temperature to allow the target nucleic acid to hybridize witii aprimer and enzyme to 
extend the immobilized primer then the t empeialu re is raised to achieve dienaturing 
ccmditions^ and then die tempmtam is lowered to allow anoflier round of hybridization 

30 to occur. 
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7. The method of claim 1 wherem tiie micleic add molecule is double 
stranded. 

8. The mediodofclaimlywhereiii the micleic acid molecule is KNA. 

9. The mediod of claim 1, wherein ti&e prime3:s are about 10 to about SO 
5 nucleotides in lengdi. 

10. The method of claim 1 , wherein the concentration of primers within a gel 
element is from 100 pM to 1000 pM. 

IL The me^od of claim 1, wherein the nucleic add molecule is selected from 
a group consisting ofRNA fragments » total RNA, fractionated mRNA, ribosomal RNA, 
10 low molecular weigjit RNA, as well as KNA Iransoipts of DNA. 

12. A method for detennining the identity of a mtiogen base in a position of 
die sequence of a nucldc molecule from a sample said mediod comprismg: 

(a) obtaining a microdup compridng a plurality of primers 
containing dififerent 3' terminal nucleotides, immobilized in gel 

IS pads, saidprimers overiqipingfhenitioge&base when theprimcrs 

are hybridized to the molecule; 

(b) reacting the microchip witii the sanqile to extend die pnmm; and 

(c) identifying the nitrogen base by detennining die identity of die 
primer that is extended 

20 13. A method for detection of a small quantity of a nucldc add target by 

single base prim^ extension on a gel microchip, said method conq[>rising: 

(a) obtaining amiaodiycontafaiingiimnobilizedpiiineis for the nucl^^ 
target; 

(b) introducing a label into die 3* temunus of those primers yifbksb are 
2S ccrnqplementaiy to die nucldc acid target by incubation of sdd microdiip 

comprisuig a plurality of tnget nucldc add fragments, a DNA- or RNA- 
dq>endent polymerase and a plurality of dideo^^nucleotide tripho^hates 
conjugated with any d^ectable label; and 

(c) detecting the label coupled to the immobilized primera from which 
30 presoice f the target is infeired. 
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14. The method of claim 12» wherein the nucleic acid tazget is a plurality of 
nucleic adds that differ in one nucleotide fiom eadi other and are Tq)reseiited in different 
piopoitions fiom each odier. 

15. A method for detection of a nucleic add targrt by a potymoBse reaction 
5 on a gel microdiip cmnprismg: 

(a) i»q>amg a microdiip of indqiend 

(b) extending theprimers which are CQmplanootary to targetnucldc acids by 
exposing the microdiip to a mixture of target nucleic acid fragments* 
oizymes and deoxynucleotide triphosphates; and 

10 (c) detecting the extended primers from which presence of the target is 

inferred. 

16. ' The method of claim 14»whaem the deoxynucleotide tripho^hates are 
conjugated with a detectable label. 

17. Ibeme^od of claim 14, where the printer is a synthetic inicldc add* 
15 18. The method of claim 17 wherein flie molecule is a specific antibody. 

19. A mediod for detecting a molecule wfaodn (a) specific target nucldc add 
is coiq>led to said molecule, and (b) die nucldc add is identified in accord witti claim. 1 . 

20. Gel elemeotsof ainicrodiipcoii^irismgnucldc add primers immobilized 
in file gel pads. 

20 21. lliegelelemaitofclatmlSyWherdntheprimerahavesequenceswitfaat 

least one internal mismatdL 

22. The gel elements of claim 18, wherein the primers are multibaseprimors. 

23. The gel elemoits of claim 18, wherein the primm are amuMprimer set 

24. The gel elemots of claim 1 8, wherein fiie primers are about 1 0 to about 
25 50 nucleotides in lengdL 

25. AmedK)dtodetecta&pedficantigenusmgaiiuat>di9Goa:Qx^^ 

(a) ooiqiling a phn:ality of antibodies with a distmguishable imcldc 
addtag: 

(b) putting the antibodies and die antigen into a container to allow 
30 anfigea-antibody interactions; 

(c) removiiig the antibodies that d not bind to the antigen; 
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pfcparmg a microcbip wifli inmiobilized primers that are 
cdmplemeataiy to the tags on the antibodies; and 
detemmiing which antibodies were associated with tiie antigen by 
detecting their nucleic acid tags by primer extension on tiie 
mioDchip. 



